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ABSTRACT 

This study was conducted to examine the views of 
seventh-grade students in Finland with regard to the teaching and 
learning of mathematics. Data were gathered by a questionnaire 
survey, with follow-up interviews to validate response reliability. 
Fifty junior high school mathematics teachers in southern Finland 
were asked to present the questionnaire to their classes in order to 
get student response. Questionnaires were returned by 3A teachers; 
514 students completed the questions. Results of percentage tables 
suggest that pnpils have a pragmatic, calculation-centered, 
task-oriented view of mathematics; they emphasize process more than 
product; they stress rigorous working procedures and learning through 
practice; and they favor pupil-centered activities and small group 
learning. Students also expect the teacher to give them help and 
direction along with learning games. Five appendices include a copy 
of the student questionnaire and tabular responses to structured and 
open-ended questions, and responses to structured questions. 
(Contains 49 references.) (LL) 
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Abstract 

The aim of this survey is to clarify the views and conceptions of 
Finnish seventh-graders concerning mathematics and mathematics 
teaching / learning. 

The data was gathered by a questionnaire survey additionally, 
some interviews were made in order to check the reliability of the re- 
sponses. In the beginning of December 1988, the questionnaire was 
sent to a sample of mathematics teachers in junior high schools in 
Southern Finland. The questionnaires were sent to 50 teachers, and 
34 teachers returned the completed questionnaires (N=514). 

VAih the aid of percentage tables, we found that the pupils have a 
pragmatic, calculation-centered, and task-oriented view of mathe- 
matics. But additionally, they emphasized the process more than the 
product, and the importance of rigorous working procedures. In the 
view of learning/teaching mathematics, the pupils stressed under- 
standing and learning through practice, and were in favour of pupil- 
centered active, but peaceful learning/teaching, sometimes also in 
small groups. They also expected the teacher to give them help and 
directionss, but on the other hand, they liked to have learning games. 

The responses to the open questions concerning pupils' experien- 
ces and wishes were classified into six groups. Most answers were 
in the Teacher /teaching-, and Mathematical topics -categories. 
These made a grand total of from 65 % to 70 %. In addition, a signi- 
ficant percentage (more than 10 %) of the responses was in the class 
"Pupil" for experiences, and in the class "Interaction and working 
forms" for wishes. 

Key words: 

mathematics teaching, pupils' conceptions, seventh-graders 
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Hivistelma 

Taman tutkimuksen paamaarana on selvittaa suomalaisten seit- 
semasluokkalaisten nakemyksia ja kasityksia matematiikasta ja 
matematiikan opettamisesta/oppimisesta, 

Tieto kerattiin kyselylomakkeella, lisaksi tehtiin joitakin haastat- 
teluja, joilla tarkistettiin vastausten luotetcavuutta. Joulukuun 1988 
alussa kyselyt lahetettiin joukolle peruskoulun ylaasteen matematii- 
kan opettajia Etela-Suomessa. Kyselylomakkeet lahetettiin 50 opet- 
tajalle, joista 34 opettajaa palautti taytetyt kyselyt (siis N=514). 

Prosenttitaulukoita kayttaen havaittiin, etta oppilailla on prag- 
maattinen, laskemiskeskeinen ja tehtavaorientoitunut kuva mate- 
matiikasta. Mutta lisaksi he painottavat enemman prosessia kuin 
produktia ja tarkkojen tyoskentelymenetelmien tarkeytta. Kuvas- 
saan matematiikan opettamisesta/oppimisesta oppilaat korostavat 
ymmartamista ja harjoittelim kautta oppimista seka suosivat oppi- 
laskeskeista aktiivia, mutta rauhallista opettamista/oppimista, jos- 
kus myos pienissa ryhmissa. He odottavat myos, etta opettaja aut- 
taa heita ja antaa ohjeita, mutta toisaalta pitavat myos oppimis- 
peleista. 

Oppilaiden kokemuksiin ja toivomuksiin liittyvien avoimien kysy- 
mysten vastaukset luokiteltiin kuuteen luokkaan. Useimmat vas- 
taukset olivat Opettaja/ opettaminen- ja Matemaattiset sisallot- 
luokissa; niita oii yhteensa noin 65-70 %. Lisaksi merkiltava osa 
vastauksista (enemman kuin 10 %) oli luokassa ''Oppilas'' kokemus- 
ten kohdalla, ja luokassa "Interaktio ja tyoskentelymuodot" toivo- 
musten kohdalla. 

Avainsanat: 

matematiikanopetus, oppilaiden kasitykset, 7-luokkalaiset 



Preface 



The idea of such a survey has its roots in discussions with Bernd 
Zimmermann (University of Hamburg), During the years 1986-87, 
we were developed a common research project which was partly 
reaUzed in the form of "Open Tasks in Mathematics" (Pehkonen & 
Zimmermann 1989, 1990). This survey forms part of the background 
studies for the research project, and sketches pupils' views and 
conceptions of mathematics and mathematics teaching in Finland. 
The corresponding survey about views of German (Hamburg) pupils 
forms part of Zimmermann's Habilitation-work (1991), 

I would again like to thank all the teachers and pupils who have 
answered my questionnaires. Without their cooperation, the survey 
could not have been realized. Last Autumn, I visited University of 
Georgia (Athens, Ga/USA), for three months and had fruitful discus- 
sions with many people. Especially Prof, Joao Pedro Ponte (Univer- 
sity of Lisbon) who was also visiting Athens (Ga) for the same acade- 
mic quarter influenced me much. I am very thankful for the many 
ideas and solutions he suggested to be made to my uncompleted ma- 
nuscript about pupils' mathematical views. 

I would express my thanks to the Head of the Department of 
Teacher Education at the University of Helsinki Prof, Irina Koskinen 
for allowing my survey to be published in the Research Report - 
series. Also I would like to thank Prof. Jarkko Leino for kindly read- 
ing my manuscript and for the many valuable comments he made. I 
also thank Arja Wahlstedt who has been a valuable helping hand 
when dealing with the huge amount of information. The careful 
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checking of my "dictionary English" was done by Donald Smart 
(University of Helsinki); I am very grateful for his help. 

This study was began during my free year 1988-89 from my teach- 
ing duties as lecturer in mathematics education at the Department of 
Teacher Education at the University of Helsinki. The work was then 
continued and completed during a three-year period I served as a 
senior researcher at the Finnish Academy, my office being all the time 
in the Department of Teacher Education. I am very grateful to the 
Finnish Academy for its financial support of my research. 

Helsinki, June 1992 

Erkki Pehkonen 
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1. Rationale and background 



WSthin a constructivism framework (e.g. Davis & ai. (eds.) 1990) 
as a base for teaching and learning mathematics, it is found that a 
knowledge of teachers' and pupils' mathematical beliefs is vital if 
their mathematical behaviour is to be understood (e.g. Noddings 
1990, 14). Over the last decade, many studies on the belief systems of 
teachers and pupils have been undertaken (e.g. Thompson 1984, 
Cooney 1985, Frank 1985, Schoenfeld 1985, 1989, Grouws & al. 1990, 
Kaplan 1991, Zimmermann 1991). Especially in the United States, 
many tens of dissertations have been written on the topic (see e.g. 
the list of references in the following dissertations: Jones 1990, 
Wilson 1992). Underhill (1988a, 1988b) has compiled a review of 
research results on both teachers' and pupils' beliefs. In the review 
of teachers' beliefs by Thompson (1992), as well as in the reviews of 
McLeod (1989, 246-248; 1992, 578-581) about affect in mathematics 
education, one can find more information on the research results. 

Research has revealed that knowing the right facts, i.e. algo- 
rithms and procedures, does not necessarily guarantee success in 
solving mathematical problems. There are other factors - such as 
decisions made by the solver and the strategies he uses, as well as his 
emotional state at the time he is solving mathematical tasks - which 
have a major effect on the performance of a solver (Schoenfeld 1985, 
Garofalo 1989). "Purely cognitive" behaviour is rare. Belief systems 
shape cognition, ever though some people may not be consciously 
aware of their beliefs (Schoenfeld 1985, 35). Conceptions and views 
pertain both to the domain of beliefs. 
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1.1. Beliefs and belief systems 

Interest in beliefs and belief systems started mainly in the 1970's 
tluough the developments in cognitive science. But the basis of these 
ideas were first developed in social psychology Although beliefs are 
popular as a topic for study the theoretical concept of 'belief has not 
yet been dealt with thoroughly. The main difficulty has been the in- 
ability distinguishing between beliefs and knowledge. This difficulty 
has not yet been clarified (e.g. Abelson 1979, Thompson 1992). Some 
researchers have argued that it is not important to distinguish bet- 
ween knowledge and beliefs, but rather to find out how belief /know- 
ledge systenris affect teachers' and pupils' behaviour in mathematics 
classes (Thompson 1992, 129). 

Beliefs and knowledge 

A consequence of its vague definition is that many researchers have 
formulated their own definition for 'belief. For example Schoenfeld 
(1985, 45) states, in order to give a first rough impression, that "belief 
systems are one's mathematical world view". He later modifies this 
definition, describing the belief system as conceptions of the nature of 
mathematics. Hart (1989, 44), influenced among others by Schoenfeld's 
(1985) ideas, uses the word belief to represent a certain type of assess- 
ment pertaining to a group of conceptions. Lester & al. (1989, 77) ex- 
plain that "beliefs constitute the individual's subjective knowledge 
about self, mathematics, problem solving, and the topics dealt with in 
problem statements". Whereas Thompson (1992, 130) understands 
beliefs as a subclass of conceptions. Yet another different explanation is 
given by Bassarear (1989) who sees attitudes and beliefs on the opposite 
poles of a bipolar dimension. 
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Here, we understand beliefs as rather stable conceptions of a cer- 
tain object or concern to which there can not be found any tenable 
ground in objective considerations. The notion of belief system is a 
metaphor used for describing how one's beliefs are organized (Green 
1971). 

When discussing teachers' beliefs in the Ught of research results, 
Thompson (1992, 129) states that distinctions between knowledge 
and beliefs are fuzzy (Fig. 1.1), because of their close connections. 
Fennema & Loef (1992) discussed the meaning of teachers' know- 
ledge, and pointed out that one could not separate the impact of 
beliefs from that of knowledge. 




Fig. 1.1. Distinctions between knowledge and beliefs are fuzzy. 

Skemp (1979, 30) tried to clear up the problem of distinguishing 
between knowledge and beliefs, as follows: "Knowledge is the name 
we give to conceptual structures built from and tested against our 
own experiences of actuaUty Beliefs are what we have accepted as 
facts for other reasons. These are frequently used in combination as 
the basis for the functioning of a director system." 

Abelson (1979, 356-360) discussed a number of features which in 
practice seem to differentiate beliefs and belief systems from know- 
ledge and knowledge systems. Some of them will be briefly dealt 
with here: (1) One feature of beliefs is that they are not necessarily 
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held in consensus with other beliefs. So, one could have beliefs which 
contradict other beliefs held at the same time. Additionally, the belie- 
ver is usually aware that others may have different beliefs. Whereas 
one important feature of knowledge is that it cannot contain contra- 
dictions. (2) Belief systems rely heavily on evaluative and affective 
components. A belief system typically has large categories of con- 
cepts which are grouped into "good" and "bad". As a typical exam- 
ple, those who support socalled "green values", also usually believe 
that nuclear power is bad, materialism and waste are bad, natural 
alternative energy sources are good, re-cycling is good etc. (3) Be- 
liefs can be held v^th varying degrees of conviction. 'The believer 
can be passionately committed to a point of view, or at the other ex- 
treme could regard a state of affairs as more probable than not ... 
This dimension of variation is absent from knowledge systems. One 
would not say that one knew a fact strongly" (ibid 360) 

The three dimensions of belief systems developed by Green (1971, 
46-48) explain some structural differences between belief systems 
and knowledge systems: (1) Knowledge systems are formed logically 
from premises and from conclusions made of them. Whereas the re- 
lationships between beliefs cannot be said to be logical, since beliefs 
are arranged according to how the believer himself sees the con- 
nections between them. So, each belief system has a structure which 
is called quasi-logical, with some primary beliefs and some deriva- 
tive beliefs. (2) The dimension of psychological centrality is lacking in 
knowledge systems. It cannot be said that somebody knows some 
subject strongly. Whereas beliefs have their psychological strength, 
i.e. the degree of conviction with which beliefs are held. The most 
central beliefs are held most strongly, whereas the peripheral ones 
may be changed easier. (3) Beliefs are held in clusters which do not 
necessarily connect with each other. This cluster structure enables 
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one to hold even conflicting beliefs in one's belief system. The clus- 
tering property may help to explain some inconsistencies found in an 
individual's belief system. 

What are views? 

Beliefs and belief systems are affected by the way people under- 
stand themselves and their surroundings. Belief systems can be seen 
to be developed from simple perceptual beliefs or authority beliefs - 
via new beliefs, expectations, conceptions, opinions and convictions 
- to a general conception of life (Saari 1983, 31-32). Thus, e.g. con- 
ceptions are higher order beliefs. They are based on reasoning pro- 
cesses for which the premises are conscious. Therefore, conceptions 
can be seen to have grounds, at least they are for the person himself 
justified and accepted. 

\^ews are very near conceptions, but they are more spontaneous, 
and an affective component is more emphasized in them. Concep- 
tions are more considered than views, and a cognitive component 
will be more stressed in them. Washes are very near expectations, 
and expectations are simple beliefs that can be traced back to percep- 
tual experiences. Apart from perceptual experiences, the source of 
simple beliefs can be some outside authority. 

The role of beliefs in the learning of mathematics 

The central position of beliefs for the successful learning of 
mathematics has been pointed out by many mathematics educators. 
Baroody & Ginsburg (1990, 62) state that beliefs can have a powerful 
impact on how children learn and use mathematics. Both Schoenfeld 
(1985) and Silver (1985) have pointed out that pupils' beliefs about 
mathematics may form an obstacle to solving nonroutine problems 
and to effective mathematics learning. Also Borasi (1990, 181) 
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stresses that pupils who have rigid and negative beliefs of mathe- 
nnatics and its learning easily become passive learners, who empha- 
size more remembering than understanding in learning. 

In her dissertation, Frank (1985, 78) introduced a schematic pic- 
ture of some factors affecting on pupils' problem solving behaviour. 
Since most of the factors act via pupils' belief systems, her scheme 
has been reorganized here to take this into consideration (Fig. L2). 



Motivation 
as a maths 
. student ^ 



Pupil's mathematical 
behaviour 




athemaHcal 



Prior 
experiences 
^ in maths ^ 




lathematical 
knowledge 



Societal mathenulical myths 



Needs ^ 
as a maths 
^ student j 



Fig. 1.2. Factors affecting pupils' mathematical behaviour. 

Pupil's mathematical beliefs act as a filter which influence almost 
all his thoughts and actions concerning mathematics. A pupil's prior 
experiences of mathematics affect fully at the level of his beliefs - 
usually uncondously. His mathematical knowledge acts also via the 
filter of his belief system. In contrast to this, pupil's motivation and 
needs as a learner of mathematics are not always connected with his 
mathematical beliefs. Additionally there are some societal mathe- 
matical myths, e.g. boys are better than girls in mathematics (for 
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more myths see e.g. Paulos 1992), which also influence pupil's mathe- 
matical behaviour via his belief system. 

Some research into pupils' beliefs 

In the investigation of beliefs, one should naturally differentiate 
between the viewpoints of pupils and teachers. In classifying pupils' 
beliefs, several categorizations have been used. 

The most common seems to be the use of two groups: Beliefs 
about mathematics and its learning/teaching, and beliefs about one- 
self e.g. as a learner (Schoenfeld 1987, Garofalo 1987, McLeod 1989). 
Whereas Underbill (1988a) has grouped the results in four categories: 
beliefs about mathematics, beliefs about mathematics learning, be- 
liefs about mathematics teacWng, and beliefs about the social con- 
text. In her dissertation, Frank (1985, also 1988) classified the beliefs 
she perceived into five categories: beliefs about one's ability to do 
mathematics, beliefs about mathematics as a discipline, beliefs about 
where mathematical knowledge comes from, beliefs about solving 
mathematical problems, and beliefs about how mathematics is 
taught and learned. 

Frank (1985) noticed that each type of the above mentioned be- 
liefs influenced pupil's problem solving behaviour. Her subjects were 
27 mathematically talented junior high school pupils. They were 
participating in Purdue Universit/s two-week intensive program on 
problem solving with computers. Fifteen pupils of them were ob- 
served daily Four of them were individually interviewed for at least 
four hours. In the interviews, the pupils were questioned about their 
classroom experiences in mathematics and were encouraged to dis- 
cuss their beliefs about mathematics. Most of the interview time was 
spent with the pupils using ^he "think-aloud" technique to solve pro- 
blems. 
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Schoenfeld (1989) surveyed 230 mathematics pupils (grades 10- 
12) using a questionnaire which contained 70 closed and 11 open 
questions. The results he advanced suggest that the pupils v^ere mo- 
tivated and they worked hard on mathematics, but problem solving 
seemed to be only rhetorical for them. Their answers revealed e.g. 
the following beliefs about mathematics: Any problem that fails to be 
solved in 12 minutes of work will be impossible for them to solve. 
Mathematics is best learned by memorization. 

Zimmermann (1991) used the same questionnaire as this study, 
and he surveyed 2658 pupils in grades 6-9 mixed together and their 
85 teachers. His aim was to relate pupils' conceptions with teachers' 
responses to similar statements. Using cluster analysis, he found six 
pupil groups and five teacher groups, and noticed a certain corres- 
pondence between two pairs of them: Problem Orientation and 
Schema Orientation (cf. section 2.2 of this paper). 

Stodolsky & al. (1991) compared pupils' attitudes and concep- 
tions about learning mathematics and social studies, through inter- 
viewing 60 fifth graders. Among many other results, they reached a 
view of mathematics through the eyes of fifth-graders. In the inter- 
view, pupils were asked to define mathematics. The majority of pu- 
pils described it in terms of the basic arithmetic operations and mani- 
pulating numbers. Beyond basic operations, about 30 percent of fifth- 
graders mentioned fractions and decimals. A smaller number of res- 
ponses defined mathematics as measuring, doing problems, geomet- 
ry, counting, and telling the time, (ibid 96-97) 

One important area of research on beliefs which has not yet been 
discussed here concerns gender-related differences. Fennema (1989, 
211) notes that, in general, males report higher perceived usefulness 
of mathematics than females. Another affective variable that she 
raises from research is confidence: Males seem to be more confident 
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in their ability to learn mathematics than females. Connections of 
confidence on the ability to solve nonroutine problems is obvious. In 
the review of gender variables by Leder (1992), one can find more 
information on the research results. 

1,2, The aim of the survey 

This survey is part of the background studies for the research 
project "Open Tasks in Mathematics" (Pehkonen & Zimmermann 
1989, 1990), and concerns pupils' views and conceptions on mathe- 
matics and mathematics learning /teaching. Teachers' conceptions 
have been dealt with in earlier reports (Pehkonen 1991, 1992). When 
we are trying to influence the actual learning situations in class- 
rooms, we naturally also ought to know, what pupils are thinking 
about mathematics teaching. To do this we need to keep in mind all 
the time the expectations and conceptions pupils have of mathema- 
tics teaching. 

The theoretical background of the research project has been dis- 
cussed in large in the first part of the reseai'ch reports (Pehkonen & 
Zimmermann 1990). Therefore, it will not be dealt with here. 

Who are seventh graders? 

In Finland, we have a nine-year comprehensive school system 
where pupils move after the primary level (grades 1-6; age 7-12 
years) to the upper level (grades 7-9, age 13-15 years) of a compre- 
hensive school. At primary level, pupils do not have individual sub- 
ject teachers, their class teacher usually teaches every subject, includ- 
ing mathematics, in the class - only the foreign language teaching 
forms an expection. But in the higher school levels (from grade 7), 
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there is the subject teacher system. In this survey, the experiences of 
test subjects (seventh-graders) are mostly based on the impressions 
they formed at the primary level. 

Why have we selected just seventh graders (age 13 years)? Ac- 
cording to educational psychology (e.g. Good & Brophy 1977, 309- 
311), children at this age are in the transition phase from the (Pia- 
getian) stage of concrev'e operations to the stage of formal opera- 
tions. They are developed enough to be critical in the way they per- 
ceive the world outside, e.g. the way mathematics is taught to them. 
Another reason for choosing these pupils is that mathematics teach- 
ing in the first six school years emphasizes numbers and basic calcu- 
lations done with them (arithmetic), and the teaching of more sym- 
bolic mathematics (algebra) does not start before the seventh grade. 
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2. Realization of the survey 

The theoretical framework for the survey is the constructivist 
learning theory (e.g. Davis & al. (eds.) 1990), according to which 
learning happens in each learner's mind, and at least a nart of the 
new knowledge structure will be constructed by the leamt^r himself. 
The way the learner acts and thinks during the learning process will 
be strongly affected by his belief system (Fig. 1.2). Therefore, it is 
most important for the teacher to know what pupils are thinking 
about the subject to be learned and what kind of previous knowledge 
(preconceptions) they have. The knowledge of pupils' preconcep- 
tions and beliefs about mathematics teaching forms a necessary base 
for the teacher's decisions of organizing classroom teaching. 

2.1. Research problems 

The aim of this survey is to clarify the views and conceptions of 
Finnish seventh-grader' concerning mathematics and mathematics 
learning /teaching. The following research problems can be derived 
from the aim of the survey: 

(1) What are pupils' views of mathematics teaching? 

(2) What kind of experiences (good and bad) and wishes do pupils 
have about mathematics teaching? 

(3) Are there any differences for these two questions between boys 
and girls? 
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2.2. Questionnaire 

The questionnaire^ used (Appendix 1) was developed for the 
research project "Open Tasks in Mathematics" (cf. Pehkonen & 
Zimmermann 1990, 83-85). Its purpose was to clarify pupils' concep- 
tions of mathematics teaching as well as their experiences and 
wishes about mathematics teaching. 

In the questionnaire, there are 32 structured items about mathe- 
matics teaching, i.e. statements for which the pupils were asked to 
ratp their views on a 5-step scale (Appendix 1). At the end of the 
questionnaire, there were two open questions. The first one enquired 
into the pupils' good and bad experiences of mathematics teaching. 
The other one was concerned with their wishes for mathematics 
teaching. 

Structure of the questionnaire 

To structwe the questionnaire, we used a modification of Under- 
hill's (1988a) grouping. The statements of the questionnaire (Appendix 
1) are classified^ into three types of views: 

• view ot mathematics (1,13.5.6.9.10.14.16.17.1920.21.2223.24,28). 

• view of learning mathematics (11.12.18.2930). 

• view of teaching mathematics (>i.7.8.13.15.25.26.27.31.32). 

The first and third category can be naturally divided into two 
parts: In the view of mathematics, one can separate m athematical 
contents (1, 3, 6, 9, 14, 17, 19, 22, 28) and the way of doing mathema- 
tics (2, 5, 10, 16, 20, 21, 23, 24). The view of mathematics teaching can 
be considered from the point of pupils' involvement (4, 7, 8, 13, 27, 
31) and from the point of teacher's involvement (15, 25, 26, 32). 

' Bemd Zimmermann (Hamburg) developed the questionnaire. 
' The author made this classification in cooperation with Klara Tompa 
(Budapest). 
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In his work, Zimmermann (1991, 76-77) used another way of 
grouping the statements. He described some domains of emphasis in 
mathematics teaching, and thus ordered the 32 statements into the 
following eight groups: (1) mathematical contents (1, 3, 6, 9, 22), (2) 
mathematical rigor (5, 16), (3) problem orientation (4, 13, 24, 25, 31), 
(4) schema orientation (2, 7, 10, 12, 17, 29), (5) pupD's self-concept 
(20, 21, 23, 27, 30), (6) pupil's teacher-concept (8, 15, 18, 26, 32), (7) 
controlled-pragmatic (14, 19), and (8) comprehensive school domain 
(11, 28). Additionally, he pointed out tha«: the groups are not isolated, 
but there was some overlap between them. 

2.3. Practical realization of the survey 

In the beginning of December 1988, the questionnaire was sent to 
a sample of mathematics teachers in junior high school in Southern 
Finland. Within the two last years, these teachers had participated in 
one of the in-service courses (two school days) run by the author. 
The theme for these courses has been "Open and Active Teaching 
Methods", and the topics included were learning games, geometrical 
activities and problem solving. Since participation in courses is vo- 
luntary, it can be thought to be extremely likely that the participants 
would be eager to let their pupils fill in the que >tionnaires. 

In the enclosed letter, the teachers were a;;ked - if they were 
teaching a class of grade 7 - to deliver the questionnaire (Appendix 
1) to their class, in order to have them filled. They were asked to re- 
turn them the before January 15, 1989. They were sent a total of 50 
teachers, and 34 teachers returned the filled questionnaires. Since 
the return precentage was rather high (68 %), no follow-up surveys 
were undertaken. Altogether 534 questionnaires were returned, but 
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20 of them were only filled partly. So, the number of completed ques- 
tionnaires was N=514, where 260 questionnaires were from boys and 
254 from girls. 

Statistics used 

In discussing the results, it is very natural to separate the struc- 
tured questions (statements 1-32 in the questionnaire, cf. Appendix 
D) and the three open items (questions 2a, 2b and 3) about pupils' ex- 
periences and wishes. 

When considering the results of the questionnaire, the statistics 
used were mainly percentage tables, and means and standard devia- 
tions of items. Although the data collected is on the level of ordinal 
scale, the use of interval-scale-statistics, e.g. the analysis of means, 
may give some useful information. The structure of the questionnai- 
re described in section 2.2 gives an opportunity to say something 
about pupils' views. An attempt was using factor analysis to sketch 
out the beliefs behind the explicit views given in the questionnaires. 

The responses to the open questions are classified according to a 
certain category system (Appendix 2). The description of results was 
made at the level of percentage distributic.is, and contained a large 
variety of pupils' responses. The StatView-program on the Mac- 
intosh computer was used for the analysis. 

The reliability of results was estimated with the test-halfing- 
method. Another measure for reliability was obtained from the com- 
munalities of the factor analysis. Additionally, some pupils (N = 18) 
were interviewed, in order to assess the stability of their responses. 
The permanence of classification for responses to open questions 
was checked by parallel classification. 
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3. Responses to the structured questions 

Firstly, we will consider the vosults generally (3.1), and then try to 
form an approximation of pupils' views (3.2). Secondly, we will fo- 
cus on differences and similarities in means between boys and girls 
(3.3). Then the structure gained through factor analysis will be dis- 
cussed (3.4). In Appendix 3, there are given some basic statistics for 
both samples - boys and girls: These are the percentages per-item as 
well as the means, and standard deviations of the frequencies. Addi- 
tionally, there are t-values for the differences of the means between 
boys and girls with the level of significance. 



3.1. General look at the responses 

Fig. 3.1 gives an overall picture of the means and standard devia- 
tions of all responses per-item (cf . Appendix 3). The scale was 
1 = fully agree 5 = fully disagree . 



4.5. 
4< 

3.5^ 
3. 

2.5, 
2, 

1.5, 
1 



X5 



X1 5 ^20 
l(«mt 



X25 



X30 



Fig. 3.1. The distribution of means with their standard deviations 
(1 = fully agree , . . . , 5 = fully disagree). 
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For those agreeing, there are 22 means, i.e. the respondents ag- 
reed with two-thirds of the statements. Most of the remaining res- 
pondents had a neutral attitude, i.e. the means lie in the interval 
2.5... 3.5. The pupils only disagreed with three statements. It seems 
that the statements were too easily agreed with. 

The standai^d deviations varied around 1,0. In both samples (boys 
and girls) however, they do not differ very much from each other 
within an item: The differences of the standard deviations between 
boys and girls are in absolute value typically 0.1. The largest diffe- 
rence is 0.2 ~ in seven items. 

Grouping according to the means 

In order to see how the means of the responses for the statements 
1-32 are distributed, the means (M) are classified with an interval of 
half a unit (Table 3,2). Here, the bold type indicates that the mean of 
the item is not on the same interval in both samples, and the boxes 
represent agreed, neutral, and disagreed statements. 



mean 


boys 


girls 


1.0SM< 1.5 




s 


1.5SM<2.0 


1 ,4,8,11 ,14,1 9,22,24,25,27,31 


1,4,11,19,22,24,27,31 


2.0 S M < 2.5 


3,6,9,13,15,16,18,26,29,30,32 


3,6,9,13,14,15,16,18,21,25,26,29,30 


2.5 S M < 3.0 


10,17,213,28 


10,173/28,32 


3.0 S M < 3.5 


5,12 


5,12 


3.5 S M < 4,0 


27 


2,7 


4.0 S M < 4.5 


20 


20 


4.5 S M 2i 5.0 







Table 3.2. Distribution of the means for boys and girls; the bold type 
represents the difference (1 = fully agree , , . . , 5 = fully disagree). 

The consensus in the responses of boys and girls is almost 100 %. 
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Only in five statements (8, 14, 21, 25, 32), the means are not on the 
same interval; but also in these cases, the differences were not very 
large (< 0.2). In Appendix 3, one can see that the differences vdthin a 
class in Table 3.2 are often larger than in the above mentioned state- 
ments. So, the means of the boys' and the girls' responses are simi- 
larly divided. 

The most agreed statements 

In Table 3.3, there is given a "top ten '-list of the statements. 
Only in these nine statements, the means are less than 2.00. 

8: strict discipline 

19: the idea that studying mathematics has practical 
benefits 

11: the idea that 2ll pupils understand 
1: doing calculations mentally 
. 22: calcxxlations of areas and volumes 
27: pupils are led to solve problems independently 
31: the idea that also sometimes pupils are working 

in small groups 
24: the idea that there are usually more than one way 

to solve problems 
25: games can be used to help pupils learn mathematics 



Table 3.3. The lowest means, i.e. the statements which are most agreed with. 

The most important factors for the pupils seem to be good discip- 
line, and pracHcal benefit of mathematics studied. The emphasis on 
strict discipline probably reflects the classroom situation in some 
schools where there might be problems in maintaining peaceful 
teaching/learning conditions. The pragmatic viewpoint of mathe- 
matics learning may reflect the calculation-centered teaching reality 
which is a consequence of the low amount of mathematics lessons in 
comprehensive schools (grades 1-9; age 7-15 years). 

In the next place, the pupils demand that all understand what is 



M = 1.44 

M = 1.60 
M = 1.64 
M = 1.73 
M = 1.86 
M= 1.86 

M = 1.86 

M = 1.90 
M = 1.93 
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taught and stress mental calculation. The demand for imderstand- 
ing is very himian, since in reality mathematics teaching strive more 
for formal knowledge than understanding. Mental calculations are 
somehow thought to be a part of mathematics teaching. 

In the fifth, sixth and seventh places, the pupils put calculating 
areas and volumes, solving problems independently, and working in 
small groups. The calculation of areas and volumes are such distinc 
tlve topics that pupils automatically see them as an essential part of 
real mathematics teaching. It is natural for children to work toget- 
her, and they like to work independently. So it is not surprising that 
they would like to continue both these modes of wor*king in their 
mathematics lessons. 

Additionally, the pupils stressed the idea that there are usually 
more than one way to solve problems, and they put forward the im- 
portance of using games to help them learn mathematics. The pupils 
have discovered that there are many different ways to solve a pro- 
blem, and would like to use them. Games offer pupils more freedom 
in learning. 

3.2. A first approximation of pupils' views 

The grouping base that will be used in the analysis of the state- 
ments of the questionnaire will be the tri-division described in sec- 
tion 2.2, i.e. view of mathematics, view of learning mathematics, 
view of teaching mathematics. We shall approach the problem in the 
following manner: If the mean of the responses for a statement lies 
on the interval 1.0. ..2.5 (interval 2.5. ..3.5 and resp. interval 3.5. ..5.0), 
we will say th=it pupils agree (are neutral and resp. disag ree) with 
the statement. 
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The statements with which the pupils disagreed can be converted 
through logical negation. The mean of a converted statement will be 
6-M, and the conversion will be noted with an apostrophe, e.g. from 
statement 20 with M=4.15, we will get statement 20' with M'=1.85. 

Since the means of the boys' and the girls' responses are similarly 
distributed (Table 3.2), we will use their common means. The small 
differences foimd in responses will first be put aside, and dealt with 
later on. 



Pupils^ view of mathematics 

Mathematical content . Firstly, we will consider the content part 

in the view of mathematics, which consists of 9 items (Fig. 3.4): 

1= doing calculations mentally (M=1.73); 

3« doing computations with paper and pencil (M=2.29); 

6= drawing figures (M=2.20); 

9= doing word problems (M=2.01); 

14= use of calculator (M=2.00); 

17= different topics, such as calculation of percentages, geometry, algebra, will 

be taught and learned separately (M=2.57); 
19= studying mathematics has practical benefits (M=1.60); 
22= calculations of areas and volumes (M=1.86); 

28= the constructing of different concrete objects and working with them 
(M=2.73) 

5 
4 
3 
2 
1 

^ 1 3 6 9 1 4 1 7 1 9 22 28 
Fig. 3.4. Pupils' view of mathematics (mathematical content). 

The pupils a^:eed with the items 1, 3, 6, 9, 14, 19, 22, and took a 
neutral attitude to the items 17, 28, but all the means of the items 
were imder 3,00 (i.e. in agreement part of the scale). Sunm\arizing 
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the results in the component of mathematical content, we get the 
following: The statements with which pupils agreed give a pragma- 
tic (19), calculation-centered (1, 3, 14, 22), and task-oriented (6, 9) 
view of mathematics. Pupils took a neutral attitude to statements 
which argued for splitting mathematics into its component parts (17) 
and for concrete working practices (28). 

Way of doing mathematics . In the component of doing mathema- 
tics, there are 8 items (Fig. 3.5): 

2= getting the right answer is always more important than the way of solving 

the problem (M=3.77); 
5= everything ought to be expressed always as exactly as possible (M=3.11); 
10= there is always some procedure which one ought to exactly follow in 

order to get the result (M=2.77); 
16= everything will always be reasoned exactly (M=2.39); 
20= only the mathematically talented pupils can solve most of the problems 

(M-4.15); 

21= studying mathematics could not always be fun (M=2.39); 

23= studying mathematics requires a lot of effort by pupils (M=2.85); 

24= there are usually more than one way to solve problems (M=1.90). 




2 5 1 0 1 6 20 2 1 23 24 



Fig. 3.5. Pupils' view of mathematics (doing mathematics). 

Pupils a greed with the items 16, 21, 24, disagreed with the items 
2, 20, and took a neutral attitude to the items 5, 10, 23. If we convert 
the statements vnth which the pupils disagreed, we obtain two more 
'agreed' statements (2', 20'). Summarizing the component of doing 
mathematics, we can state the following: The pupils agreed with 
two statements (2' ,24) which emphasize the process instead of the 
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product, and with two statements (16, 21) stressing rigor work. Ad- 
ditionally, the pupils do not see school mathematics to be too compli- 
cated (200. They took a neutral attitude to statements which empha- 
size exact and hard work (5, 23), and which stress their beUef in the 
existence of "the right procedure" (10). 

Pupils' view of learning mathematics 

In the group of learning mathematics, there are five items from 
the questioimaire (Fig. 3.6): 

11= all pupils understand (M=1.64); 

12= much will be learned by memorizing rules (M=3.24); 

18= there will be as much repetition as possible (M=2.30); 

29= there will be as much practice as possible (M=2.10); 

30= aU or as much as the pupil is capable of wUl be understood (M=2.00). 

5 
4 
3 
2 
1 
0 

1 1 12 1 8 29 30 
Fig. 3.6. Pupils' view of learning mathematics. 

The pupils a greed with the items 11, 18, 29, 30, and took a neutral 
attitude to item 12. Summarizing, the statements with which the 
pupils agreed are stressing understanding (11, 30) and learning via 
practice (18, 29). They took a neutral attitude to the statement which 
emphasizes leaming-by-heart (12). 

Pupils' view of teaching mathematics 

Pupils' involvement . In the component of pupils' involvement, 
there are 6 statements (Fig. 3.7): 

4= the pupil can sometimes make guesses and use trial and error (M=1.87); 
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7= one ought to get always the right answer very quickly (M=3.70); 
8= strict discipline (Msl.44); 

13= pupils can put forward their own questions and problems for the class to 
consider (M=:2.06); 

27= pupils are led to solve problems on their own without help from the 

teacher (M=1.86); 
31= also sometimes pupils are working in small groups (M=l 86) 

mm 

4 7 8 1 3 27 31 
Fig. 3.7. Pupils' view of teaching mathematics (pupils' involvement). 

Pupils agreed with the items 4, 8, 13, 27, 31, and disa greed with 
it m 7, If we convert the statement with which the pupils disagreed, 
we get one more agreed statement (7'). Summarizing, the pupils ag- 
reed with statements emphasizing pupil-centred active teaching/ 
learning (4, 13, 27), and with statements stressing peaceful teaching/ 
learning, sometimes also in small groups (7', 8, 31). 

Teachers' i nvolvement . In the component of teacher's involve- 
ment, there are 4 statements (Fig. 3.8): 

15= the teacher helps as soon as possible when there are difficulties (M=2.01); 
25= games can be used to help pupils iearn mathematics (M=1.98); 
26= when solving problems, the teacher explains every stage exactly (M=2.01); 
32= the teacher always tells the pupils exactly what they ought to do (M=2.42). 

5 

4 

3 
2 
1 
0 

1 5 25 26 32 
Fig. 3.8. Pupils' views of teaching mathematics (teachers' involvement). 




32 



31 



The pupils a greed with all items of 15, 25, 26, 32. Summarizing, 
in the component of teachers' involvement, the statements support a 
view of teaching mathematics where the teacher should give help 
and directions to the pupils (15, 26, 32). Additionally, they agree with 
a statement which gives a more open view of teaching, using learn- 
ing games (25). 



3.3. Differences in means between boys and girls 

Next, we will deal with the differences of the means between the 
results of boys and giris. In 12 items, the boys' mean is higher than 
the girls' one, but the situation is reversed for 20 items. As a whole, 
the boys agreed more with the statements than the giris (Appendix 
3). But as earlier stated, the views of boys and giris are very similar, 
since the largest differences of the means are in absolute value not 
more than 0.32. The difference of the means was statistically signi- 
ficant in nine items (2, 7, 10, 14, 20, 21, 22, 28, 32). 



Items with significant difference 

In eight items, the boys agreed more with the statement than the 
girls. Only in item 21 (it could not always be fun), the difference was 
positive and statistically almost significant (*). It looks like that girls 
are more ready to work seriously with mathematics than boys. 

In item 10 (there is always some procedure which to follow), the 
difference of the means was very significant (***)• Is it that boys be- 
lieve more than girls in the existence of some universally applicable 
algorithms, or could this difference be explained by the fact that wo- 
men generally apply more creative approaches to problem solving 
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than men? 

The girls disagreed more strongly than the boys with the state- 
ment that only the mathematically talented pupils can solve pro- 
blems (20). In this item, the difference of the means was statistically 
significant (**). Could this result be explained also by the above 
mentioned difference in creativity? 

In the following items, the boys agreed mor strongly than the 
girls with the statement, and the difference of the means was almost 
significant (*): the right answer is more important than the way of 
solving (2), one ought to get the right answer quickly (7), use of calcu- 
lators (14), calculation of areas and volumes (22,, constructing con- 
crete objects (28), and the teacher tells exactly what to do (32). It 
seems that the boys are more accomplishment-centered (2,7), and 
need to be directed (32) more than the girls. But on the other hand, 
the boys are lazier (14) than the girls. The accomplishment-cen- 
teredness and the need to be supervised are closely connected with 
laziness, boys are not willing to do extra and voluntary work (think- 
ing) in school when they are not motivated. Additionally, the boys 
are more in favour of geometry (22, 28) than the girls. The boys' pre- 
ference for geometry could be explained by the well-known fact that 
boys are better than girls in spatial tasks. 

Using the structure of the questionnaire 

Here, we will discuss the responses of the stiuctured items with 
the aid of the grouping used by Zimmermann (1^ 91, 76-77). Through 
computing the means of each eight groups (section 2.2) and applying 
the t-test, we get Table 3.9. 

In the group Schema Orientation (Table 3.9), the difference of the 
means is statistically significant (**). So, the boys seem to think 
more schematic than the girls. Also in the group Controlled-Prag- 
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matic, there is a statistically almost significant (*) difference. 



boys 


girls 


t- value 


sign. 


2.00 


2.06 


-1.68 




2.76 


2.74 


0.21 




1.93 


1.94 


-0.43 




2.96 


3.08 


-2.90 


** (0.4 %) 


2.65 


2.65 


0.0<? 




2.03 


2.05 


-0.52 




1.74 


1.86 


-2.20 


♦ (3 %) 


2.13 


2.24 


-1.62 





(1) mathematical contents 

(2) mathematical rigor 

(3) problem orientation 

(4) schema orientation 

(5) pupils' self-concept 

(6) pupil's teacher-concept 

(7) controlled-pragmatic 

(8) comprehensive school domain 

Table 3.9. The means of tlie boys and the girls, and the statistical significancy 
of their difference with the error percentages. 

Next, we will look at how the nine statennents with statistically 
significant differences just discussed are situated in the structure of 
the questionnaire described by Zimmermann (1991). In the group 
Schema Orientation, there are three items (2, 7,10) of nine, and the 
difference was negative in each. The other si^ ite'ms with a signifi- 
cant difference were scattered all around. Only in the groups 
Mathematical Rigor and Problem Orientation, there were no such 
items. So, this confirms the results we have just discussed. 



3.4. Factor analysis reveals 

As there were quite a substantial number of statements in the 
questionnaire, it was thought wise to make their interpretation as 
compact as possible using factor analysis. An additional advantage 
of the factor solution is that it stnictures the questionnaire with the 
pupils' responses as a basis, i.e. in the sense of the constructivism. 

Factorization 

The use of the sci<?e-test in factorization gives a solution of 11 
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factors. In Appendix 4, there is given the orthogonally rotated factor 
matrix. According to the conmnon usage, the loadings are rounded to 
the nearest two decimal value, and the decimal point is left away. 

In the interpretation of factors, the main loadings (the highest 
loadings) play the most important role. The possible side loading has 
been shown with brackets. 





Factor 1 




18: 


there will be as much repetition as possible 


0.66 


8: 


strict discipline 


0.61 


29: 


there will be as much practice as possible 


0.55 


14: 


use of calculators 


-0.45 


21: 


studying mathematics could not always be fun 


0.37 


(9: 


doing word problems 


0.40) 


(15: 


the teacher helps as soon as possible when there are difficulties 


0.39) 



This factor is loaded with statements that stress calculation-centered 
working which cannot always be fun, and where is no place for a cal- 
culator. It is very easy to name the factor of traditional calculation- 
centered teaching . It explains 11.9 % of the variance. 



Factor 2 

25: games can be used to help pupils learn mathematics 0.75 

28: constructing of different concrete objects and working ^vith them 0.67 

3\: also som.etimes pupils are working in small groups 0.52 
(13: pupils can put forward their own questions and problems for the 

class to consider 0.37) 



In the factor, there are statements gathered which emphasize the use 
of such teaching components which are not common in the traditio- 
nal Finnish mathematics teaching. Therefore, it is named the factor 
of alternative-methods-using teaching . It explains 6.9 % of the 



variance. 
Factor 3 

16: everything will be reasoned exactly 0.68 

5: everything expressed as exactly as possible 0.63 

26: teacher explains every stage exactly 0.54 

(12: learned by heart 0.39) 

(23: it demands much from pupils 0.30) 
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The teaching that is described with the statements loaded on the 
factor could be said to stress exactness in performance. Hence, the 
factor could be named the factor of exact-performance-stressing 
teaching . It explains 6.2 % of the variance. 



Factor 4 

20: only mathematically talented can solve tasks -0.67 

2: right answer is more important than way of solving -0,57 

13: pupils put forward questions, they will be dealt with 0.56 

(6: drawing figures 0.32) 



Two of the first main loadings in the factor are negative. The third 
loading brings also out the belief in pupils' possibilities. From this 
factor, it could be used the name: the factor of in-pupils-believing 
teaching . It explains 4.7 % of the variance. 



Factor 5 

11: all pupils understand 0.71 

17: different topics will be taught and learned separately 0.55 

(26: teacher explains every stage exactly 0.34) 



This factor is loaded with statements which are not easy to put to- 
gether Perhaps, it could be named the factor of for-understanding - 
striving teaching . It explains 4.1 % of the variance. 



Factor 6 

24: there are more ways to solve tasks 0.62 

23: it demands much from pupils 0.58 

(14: use of pocket calculators 0.36) 

(30: all will be understood 0.33) 

(21: it could not always make fun 0.30) 

(29: practised as much as possible 0.30) 



In the factor, it will be stressed challenging in mathematics teaching. 
This will be supported also by the use of pocket calculator. We could 
name it the factor of challeng in g teaching . It explains 4.0 % of the 



variance. 
Factor 7 

15: teacher helps when there are difficulties -0.68 

27: pupils are let to solve tasks independently 0.50 

21: it could not always make fun 0.37 
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(4: pupil can make conjectures, guess and ponder -0,35) 
The loadings of this factor are statements which emphasize indepen- 
dence in pupil's working. Tlierefore, it could be named the facto r of 
for-pupils'-independence-striving teaching. It explains 3.7 % of the 
variance. 
Factor 8 

32: teacher says exactly what to do 0.72 
10: there is a procedure which to follow 0.69 

The factor is loaded on statements which represent such teaching 

where the teacher gives exact procedures to follow. It could be easily 

named the factor of procedure-delivering teaching . It explains 3.5 % 

of the variance. 

Factor 9 

22: calculations of areas and volumes 0.72 
6: drawing figures 0.57 
9: word problems 0.56 
1: mental calculations 0.44 
19: tasks which have practical benefit 0.39 
4: pupil can make conjectures, guess and ponder 0.37 

This factor is clearly loaded on mathematical contents. Therefore, it 
could be named the factor of mathematical-content-stressing teach- 
ing. It explains 3.3 % of the variance. 
Factor 10 

7: one ought to get right answer quickly 0.71 

30: ail will be understood -0.42 

(5: everything expressed as exactly as possible 0.35) 

In this factor, the point is in quick performance - it does not matter 
although everybody does not understand. Without doubt, it could be 
named the factor of speed-in-performance-stressing teaching . It ex- 
plains 3.3 % of the variance. 
Factor 11 

3: mechanical calculations 0.76 
12: learned by heart -0.50 

In the loadings of the last factor, there is emphasis on mechanical 
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calculations, but not on memorizing. It could be named the factor of 
for-cakulations-with-understanding teaching . It explains 3.2 % of 
the variance. 

Summarizing in the solution just discussed, we will focus on two 
points: Some factors were rather complicated to interpret, e.g. the 
factors 5, 6 und 11. Several factors had only two main loadings, as 
the factors 5, 6, 8, 10 and 11. Item 21 was problematic, since it is 
loaded as strongly on two factors (1 and 7). Additionally, the factors 
seem to loose their power of explanation after the 4th factor. 

The analysis of the factor intercorrelations (Appendix 5) hint that 
the right number of factors could be four or five. But several trials 
with smaller number of factors (a 4-factor, 5-factor, 6-factor, 8-fac- 
tor solution) led to an even worse situation: There were difficulties 
in interpreting the factors obtained, and the factors together did not 
explain the situation any better than the first four factors in the 11- 
factors solution. Therefore, we decided to reduce the number of fac- 
tors with a second order factor analysis. 

Second order factor analysis 

Using as a starting point the factor intercorrelation matrix, we 
obtained with the scree-test a solution of four factors - the orthogo- 
nally rotated factor matrix is given in Table 3.10. The second order 
factors are labeled with letters (A)-(D), in order to differ them from 
the earlier factors. 

When interpreting the rotated matrix, we consider in the first 
place the main loadings. From the eigenvalues, we can see that 
these four factors together explain about the half (49.4 %) of the 
variance. 
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71 
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factor 6 


-04 


63 


04 


-16 


43 


factor 7 


-67 


17 


04 


-02 


48 


factor 8 


01 


S3 


54 


30 


49 


factor 9 


52 


17 


2S 


-22 


49 


factor 10 


04 


-10 


12 


61 


40 


factor 11 


21 


•46 


20 


10 


36 


Ev 


2.0 


1.3 


1.2 


1.0 


5.4 


Ev % 


17.7 


11.4 


11.0 


9.3 


49.4 



Table 3.10. The varimax-rotated factor matrix of 11 factors: the main loadings 
are in bold type and the most important side loadings are underlined. 

Factor A 

F7: for-pupils' -independence-striving teaching -0.67 

Fl: traditional calculation-centered teaching 0.61 

F9: mathematical-content-stressing teaching 0.52 

(F4: in-pupils-believing teaching -0.35) 

This factor is loaded with such components of teaching v^hich em- 
phasize teacher's directions, calculation and contents. Hence, it 
could be named the factor of mathematics-centered teaching . 
Factor B 



F3: exact-performance-stressing teaching 0.68 

F6: challenging teaching 0.63 

Fll: calculations-with-understanding teaching -0.46 

(Fl: traditional calculation-centered teaching 0.44) 

(F8: procedure-delivering teaching 0.33) 



The factor loads on the statements v^hich represent exact and chal- 
lenging teaching. The negative loading on calculation-with-imder- 
stand'ng fits very v^ell into the scheme. It can be named the factor of 
good traditional teaching . 
Factor C 



4j 



39 



F5: for-understanding-striving teaching 0.71 

F2: alternative-methods-using teaching 0.55 

F8: procedure-delivering teaching 0.54 

(F9: malhematical-content-stressing teaching 0.38) 

(Fll:caIculations-with-understanding teaching 030) 

In this factor, there are loadings on different approaches to mathe- 
matics teaching. Therefore, it could be named the factor of ideal 
teaching from pupil's viewpoint . 
Factor D 

F4: in-pupils-believing teaching 0.62 
FIO: speed-in-performance-stressing teaching 0.61 
(F2: altemative-methods-using teaching -0.46) 

The last factor is loaded with statements which emphasize the use of 

pupils' capabilities and stress speed in performance. The negative 

side loading on alternative methods fits well into the scheme. It can 

be named the factor of effective p upil-centered teaching . 

In summary, we obtained a four factor structure for the question- 
naire: (A) factor of mathematics-centered teaching, (B) factor of 
good traditional teaching, (C) factor of ideal teaching from pupil's 
viewpoint, (D) factor of effective pupil-centered teaching. These 
four factors together represent the beliefs of mathematics teaching 
that seem to be the basis for the pupils' views of reality. 

It is interesting to notice that the above mentioned factor structu- 
re contains similar components as the tri-division of mathematics 
teaching used by Dionne (1984): traditional view where mathematics 
is seen as a set of skills, formalist view where mathematics is seen to 
involve logic and rigor, constructivist view where mathematics is 
seen as a process. First two of these coincide with iactors (B) and (A), 
and the third is very close to factor (C). 
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4. Responses to the open questions 

At the end of the questionnaire (Appendix 1), there are open 
questions about pupils' experiences (2a, 2b) and wishes (3) of 
mathematics teaching. Here we vnll consider the responses given to 
these questions. 

4.1. General look at the responses 



The amount of all responses to open questions is given in Table 
4.1. Additionally, there is calculated the amount of answers per boy 
(a. /boy) and per girl (a./girl). 





boys (%) 


girls (%) 


a. /boy 


a./girl 


good experiences 


225(35) 


297 (37) 


0.87 


1.17 


bad experiences 


210(32) 


285 (35) 


0.81 


1.12 


wishes 


216 (33) 


231 (28) 


0.83 


0.91 


I 


651 (100) 


813 (100) 


2.50 


3.20 



Table 4.1. The amount of all responses to each open question, 
both as absolute numbers and percentages. 

In Table 4.1, we see that the responses are distributed almost 
uniformly for these three questions which could have been expected. 
The girls' average response rate to the open-ended questions was 
3.20, whereas that for the boys was 2.50. 

Main classification 

In the classification of the responses, the starting point was the 
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natural tri-division of the teaching/learning situation: 

teacher - pupil - mathematics. 
The pupils' responses were first grouped into six main classes: (1) 
Teacher/teaching, (2) Mathematical topics, (3) Learning control, (4) 
Pupil, (5) Interaction and working forms, Resources. Table 4.2 
presents the percentage distribution of ail the responses according to 
this classification. Typical examples of the responses in each group 
are given in the sections 4.2 and 4.3. 



main classes 




1 


2 


3 


4 


5 6 


good experiences 


BOYS 
GIRLS 


42 
44 


28 
27 


5 
3 


16 
15 


4 4 

8 3 


bad experiences 


BOYS 
GIRLS 


39 
46 


20 
19 


13 
8 


15 
19 


5 8 
3 5 


wishes 


BOYS 
GIRLS 


21 
35 


43 

37 


12 
6 


3 
3 


10 12 
14 5 



Table 4.?. Percentage distribution of responses 
(1= Teacher/teaching, 2= Mathematical topics, 3= Learning control, 
4= Pupil, 5= Interaction and working forms, 6= Resources). 

In the distribution of the responses, the pattern is similar for boys 
and girls. Most answers are irrthe first and second category (Teacher 
/teaching, and Mathematical topics), altogether from 65 % to 70 %. 
Additionally a significant percentage (more than 10 %) was in the 
fourth main class (Pupil) for experiences, and in the fifth main class 
(Interaction and working forms) for wishes. In the third and sixth 
category (Learning control, and Resources), the percentage of 
responses was only occasionally more than 10 %. 

Each main class was in turn divided into subclasses, numbered 
from 2-6 (Appendix 2). 
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4.2. Experiences 

Here, the good and bad experiences which the pupils have ex- 
pressed in the questionnaire will be dealt with. 

Good experiences 

The percentage distribution of pupils' good experiences (from 
Table 4.2) is given as a diagram in Fig. 4.3. 




Fig. 4.3. Percentage distribution of pupils' good experiences. 

In Fig. 4.3, the mod' of the good experiences is in the first 
category (Teacher/teachii.g), where the amount of responses is more 
than two-fifths in both samples. Almost one-third of the responses 
have been gathered in the second main class (Mathematical topics). 
Additionally, the fourth category (Pupil) is in both samples about 15 
%. The percentage distribution of the responses in these three 
categories is given in Table 4.4 (for the number codes see Appendix 2), 
and the differences between these percentages. 
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subclasses 


11 


12 


13 


21 


22 


23 


24 


41 


42 


43 


44 


45 


boys 
girls 


51 


48 


2 


22 


51 


8 


19 


46 


19 


3 


30 


3 


42 


57 


2 


40 


28 


14 


19 


34 


20 


23 


20 


3 


difference 


+9 


-9 


0 


-18 


+23 


-6 


0 


+12 


-1 


-20 


+10 


0 



Table 4.4. Percentage distribution of pupils' good experiences in some main 
classes (for the number codes see Appendix 2). 

Firs^ main cl3 « (Tparhpr /teaching) . In this class, there are 95 
responses from the boys and 130 from the girls. The boys' responses 
were almost uniformly divided between the first subclass (General 
evaluation of teacher/teaching) and the second subclass (Evaluation 
of spesific features). The girls gave significantly more responses in 
the second subclass (cf. Table 4.4). Some typical expressions in the 
first subclass were, as foUows: "good teachers", "teaching has been 
good", and "we were better taught at primary school". In the second 
subclass, good experiences were expressed with words as "teachers 
have explained the topics thoroughly", "teacher has helped much", 
and "peaceful working conditions". 

qprnnd main Hass (Mathematical topics) . In this class, there are 
73 responses from the boys and 80 from the girls. In the first subclass 
(General evaluation of contents/problems/topics), the boys' share of 
the responses was about 20 % smaller than the girls' share, whereas 
the distribution was reversed for the second subclass (Evaluation of 
specific mathematical contents or procedures). Characteristic re- 
sponses in the first subclass are e.g. "easy tasks", "problems not 
always difficult", and "sometimes mathematics is interesting"; in the 
second subclass "one learned many practical things", and "basic 
things became clear". In the third subclass (Evaluation of learning 
tools), there were about one-tenth of all responses. Some typical 
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responses were "use of calculators", and "playing games". Addi- 
tionally, there was the fourth subclass (Else) into which about one- 
fifth of the responses were classified in both samples; here the 
characteristic response was learned much". 

Fourth ma in class (Pupil) . In this class, there are 37 responses 
from the boys and 44 from the girls. Almost half of the boys' respon- 
ses and one-third of the girls' responses were dealing with pupils' 
understanding (the first subclass). Here, some typical responses 
were "ane has learned to calculate", "I have understood", and "I 
got the idea". In the second subclass (Cognitive component) and the 
fourth subclass (Notes), there were also a great many of responses in 
both samples, e.g. "I have learned well", and "good notes in class- 
work". Additionally, about one-fourth of the girls' responses was 
classified into the third subclass (Affective component), where the 
following comments were typical: "I like mathematics", and "when 
one discovers new solutions". 

Summary . In the main classification of the good experiences 
(Fig. 4.3), the responses of boys and girls were very similarly scat- 
tered. But the distribution within the main classes (Table 4.4) showed 
many differences. 

The main differences in responses were the following: The boys 
gave significantly more specific evaluation in the case of mathema- 
tical topics (subclass 22) than the girls, whereas the situation was 
reversed for general evaluation (subclass 21). As a slightly similar 
situation which was the otherway roimd was found for the results of 
the first main class. The result seems to fit very well together with 
the fact that girls are, in general, more interested in people and boys 
more in things. Additionally the girls' responses emphasized affec- 
tive component (subclass 43), whereas the boys gave more expres- 
sions which stressed pupils' understanding (subclass 41). This can be 
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explained by the girls' greater affective behaviour. 
Bad experiences 

The percentage distribution of pupils' bad experiences (from 
Table 4.2) is given in Fig. 4.5. 




Fig. 4.5. Percentage distribution of pupils' bad experiences. 

In Fig. 4.5, almost half of all bad experiences belong to the first 
category (Teacher/teaching). In the second (Mathematical Topics) 
and fourth (Pupil) category, the amount of the responses was almost 
20 %. In the third category (Learning control), the percentage of the 
boys' responses exceeded 10 %. The percentage distribution of the 
responses in these four categories is given in Table 4.6 (for the num- 
ber codes see Appendix 2; here # means that the proportion in Table 
4.2 was under 10 %), and the differences between these percentages. 



subclasses 11 12 13 



21 22 23 24 



31 32 



41 42 43 44 45 



boys 52 48 - 

girls 38 61 1 



44 37 19 
50 48 2 



21 79 41 19 - 31 9 
4 4 59 13 15 11 2 



difference +14 -13 -l 



-6 -11 +17 



■18 +6 -15 +20 +7 



Table 4.6. Percentage distribution of pupils' bad experiences in some main 
classes (for the number codes see Appendix 2). 
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First main class (Teac her /teaching) . In this class, there were 81 
responses from the boys and 130 from the girls. Here, the responses 
are divided in a very similar manner to the distribution of good expe- 
riences in the 'Teacher/teaching"-category They are scattered bet- 
ween the two first subclasses, as follows: the boys' responses almost 
uniformly and the girls' responses about 20 % more in favour of the 
second subclass (Evaluation of specific features). The most common 
words used to describe teacher/teaching were, as follows: ''boring'', 
''bad", "difficult", "quick". Some examples of pupils' expressions in 
the first subclass (General evaluation of teacher/teaching) are the 
following: "it was boring", "a bad teacher at primary level" , "very 
difficult" , and "teaching too quick". In the second subclass (Evalua- 
tion of specific features), some typical responses were, as follows: 
"not clearly explained", "unpleasant teacher", "teacher had not 
time to give advice" , "too strict discipline", "memorizing" , and "too 
much repetition". 

Second main class (Mathematical topics) . In this class, there are 
43 responses from the boys and 54 from the girls. About half of the 
responses were involved with the first subclass (General evaluation 
of contents/problems/topics). The pupils complained that the pro- 
blems were too difficult or boring, e.g. "complicated problems", 
"difficult ways to calculate", "some topics are boring", and "too 
much mechanical calculations''. The amount of the responses classi- 
fied into the second subclass (Evaluation of specific mathematical 
contents ...) was somewhat smaller (cf. Table 4.6). Some typical re- 
sponses were "mental calculations" ," word problems difficult" , and 
"problems not useful". Additionally, one-fifth of the boys' responses 
was concerning the third subclass (Evaluation of learning tools), 
with words as "calculators not used". 
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Third main class (Learning control) . Bad experiences of the boys 
(28 responses) divided, as foU^ws: about one-fifth to class work/tests 
and four-fifths to home w^rk. Typically, they were complaining 
about the amount of homework, e.g. "foo much homework". 

Fourth main class (Pupil) . In this class, there are 32 responses 
from the boys and 54 from the girls. The mode in both samples was 
in the first subclass (Understanding), only with a different weight - 
the difference was almost 20 %. The following examples show 
pupils' feelings: "J have not understood all, nor do I now'\ and "one 
did not always understand". One-third of boys' responses com- 
plained about the quality of the teaching notes (the fourth subclass), 
the typical response was "bad notes". One-fifth of the boys' re- 
sponses was classified into the second subclass (Cognitive compo- 
nent), and more than 10 % of the girls' responses. Characteristic 
responses were "you must study hard", and "I learned some topics 
very slowly". In the third subclass (Affective component), there were 
additionally one-seventh of the girls' responses, e.g. "I am not good 
in maths". 

Summary . Considering the bad experiences of boys and girls 
globally the distributions (Fig. 4.5) seem to be rather similar. But 
when looking at the distribution of the responses within the main 
classes (Table 4.6), we see that there are some clear differences bet- 
ween the responses given by boys and girls. 

The boys expressed significantly more than the girls their dislike 
of notes (subclass 44). But as we have already observed earlier (in 
chapter 3.3) boys are more lazy than girls when it comes to working 
in mathematics. The girls more than the boys complained about a 
lack of pupils' understanding (subclass 41). Could an explanation for 
this be the fact that girls are usually more satisfied with the given 
situation, or at least they don't show their dissatisfaction, whereas 
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boys react easily, e.g. during mathematics lessons, if they are not 
satisfied? The boys' responses were more than the girls' responses 
dealing with the lack calculators and computers (subclass 23). This 
difference could be explained with the boys' laziness and interest in 
technical tools. The girls' responses more emphasized the affective 
component (subclass 43). The girls placed more emphasis on evalua- 
tion of teacher and teaching (subclasses 11 and 12) than the boys. It 
seenis that girls are able to express themselves more dearly than 
boys. 

4.3. Wishes 

The percentage distribution of pupils' wishes (from Table 4.2) is 
given in Fig. 4.7. 

50 
40 

30 
20 
10 
0 

1 2 3 4 S 6 

Fig. 4.7. Percentage distribution of pupils' wishes. 

The pupils' wishes are distributed in a different manner to their 
experiences (Fig. 4.7): In the first category (Teacher/teaching) and 
the second category (Mathematical topics), there is an equal amount 
- about one-third - of the girls' responses in both, whereas the boys' 
responses are distributed otherwise: In the second category, there is 
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twice as many responses as in the first category (Fig. 4.7). Only in 
wishes, there are more than 10 % of the responses in the fifth and 
sixth category (Interaction and working forms, and Resources). In 
the third category (Learning control), the percentage of the boys' re- 
sponses exceeded the limit of 10 %. The percentage distribution of 
the responses in these five categories is given in Table 4,8 (for the 
number codes see Appendbc 2; here i means that the share in Table 
4.2 was under 10 %), and the differences between these percentages. 

subclasses 11 12 13 21 22 23 24 31 32 51 52 53 54 55 61 62 63 

bo^^^^ 31 69 - 12 35 53 - 31 69 68 18 10 5 - 44 28 28 

girls 45 55 - 16 43 41 - ^ ^ 72 6 19 3 - ^ ^ ^ 

difference -14 +14 - -4 -8 +12 - - - -4 +12 -9 +2 - - - - 



Table 4.8. Percentage distribution of pupils' wishes in some main classes (for 
the number codes see Appendix 2). 

First main class (Teacher/teaching) . In this class, there were 45 
responses from the boys and 80 from the girls. The mode for both 
samples lies in the second subclass (Evaluation of spesific features). 
The pupils wanted both more and less repetition, e.g. "there should 
be more repetition", and "less mechanical problems". There were 
wishes for the better quality of explanation as well as a more friendly 
and understanding form of teaching, e.g. "I would like to have more 
accurate explanations and teaching", "it should be more frue", and 
"more relaxed". Secondly, the pupils wanted a better teacher (the 
first subclass) who would teach with a more relaxed manner and 
with different methods. E.g. "good teaching", "slower progress", 
''varying teaching", ""we shouldn't change teachers too often, and 
"teaching more easier". 

Second main class (Mathematical topics) . In this class, there are 
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92 responses from the boys and 86 from the girls. About half of the 
wishes was in the third subclass (Evaluation of learning tools). Some 
typical expressions were "more learning games", "more calcula- 
tors", and "working with computers". In the second subclass (Eva- 
luation of specific mathematical contents ...), there were about two- 
fifths of all responses. These were expressed with words as "more 
constructing of thing, e.g. box", "more problems to think about", 
''more practical problems" , and "more word problems". Here, the 
amount of generally evaluating responses (the first subclass) was 
smallest, about one-eighth. Some examples of the responses are 
"easier problems", and "something different and nice". 

Third main class (Learning control) . About two-thirds of the 
boys' wishes (26 responses) were connected with home work (the 
second subclass). They wanted "less home work". 

Fifth main class (Interaction and working forms) . In this class, 
there are 22 responses from the boys and 32 from the girls. About 
two-thirds of the responses in both samples were concerned with 
more differentiation during mathematics lessons (the first subclass), 
e.g. in the form of group work. In the pupils' words "more working 
in groups", and "more working in pairs". In the girls' responses, 
there were additionally about one-fifth of them who wanted more 
independence in their working mode (the third subclass), e.g. "free 
working in groups", and "more independent tasks". And in the boys' 
responses, about one-fifth of the wishes were concerned with more 
external differentiation (the second subclass) in the form of supple- 
mentary lessons, e.g. "more supplementary teaching". 

Sixth main class (Resources) . About half of the boys' wishes (25 
responses) were concerned with teaching materials. They wanted 
"easier maths books", and "more tasks to be done in maths books". 

Su mmary . The overall picture of wishes is very different from 
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the responses to the other two questions. Here, the responses are 
more scattered than in pupils' experiences (Fig. 4.7). The biggest 
difference in the pattern is that the boys' wishes are clearly more 
concentrated in the second category (Mathematical topics) than the 
girls' wishes. Within the main classes, there are also differences bet- 
ween the percentages of boys' and girls' responses (Table 4.8), but 
they are not so big and not so many as in pupils' bad experiences. 

In wishes concerning teacher and teaching, the girls' responses 
were more generally evaluative (subclass 11), whereas the boys ex- 
pressed their wishes more specifically (subclass 12). This could be 
explained by the fact that boys are, in general, more interested in 
mathematics. The boys wanted more computers and learning games 
(subclass 23) than the girls. Also the boys wanted more supplemen- 
tary lessons (subclass 52). In general, boys are weaker than girls in 
mathematics, and therefore are ntore in need of supplementary 
teaching. 



53 



52 

5. Discussion 

Here, we will considered questions about reliability and validity 
of this study (5.1). We will also discuss some answers to the research 
problems posed earlier (5.2). Finally the current status of mathema- 
tics teaching in Finland will be briefly dealt with, and some sugges- 
tions for improving it considered (53). 

5.1. The question about reliability and validity 

As the completed questionnaires were collected, there were many 
instances of teachers spontaneously making comments such as: 
"Such a questionnaire ought to be administered every autumn with 
a new class" and "May I use this questionnaire later on?" These 
opinions show that the teachers who have read through their pupils' 
answers in questionnaires realized that they can in this way get 
valuable in-formation from their pupils. 

In assessing reliability, a distinction is often made between exter- 
ncil reliability (repeatability of results) and internal reliability (con- 
stancy of results). Validity too, can be divided into external validity 
(transferrability of results) and internal validity (correspondence of 
results). (Eg. Leino 1990, 31-32) 

Reliability 

The reliability of the questionnaire was calculated using the 
halfing method and the Spearman-Brov^ formula. This gave a test 
reliability of 0.68, which is an estimate of the constancy of the results 
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(internal reliability). 

The factor analysis performed on the questionnaire, using the 
scree-test, resulted in 11 factors. The factor analysis provides an- 
other way of assessing the reliability of the questionnaire. It is well 
known that reliability is always at least as high as conununality 
Since the communalities of the items varied between 42 % and 72 % 
(Appendix 4), the mean being 54.8 %, the estimated reliability is about 
of the same order of magnitude as the figure (0.68) presented above. 

In aTiOther study with the same questionnaire (Pehkonen & 
Tompa 1992), two pupils were interviewed, taken at random from 
each class (altogether N=18), about a month after the filling in the 
questionnaire. The goal of the interview was to estimate the consis- 
tency of pupils' answers in the questionnaire. In the interviews, the 
pupils changed the responses in 12.4 % cases of all their answers. 
This gives an estimate (88 %) of the repeatability of results (external 
reliability). 

The classification of responses to the open questions was done by 
Arja Wahlstedt. The reliability of the classification was checked by 
twice classifying the first 50 papers. Companng the first and the 
second classification, there were differences between them 16 % of 
all the classification units. 

^Uidity 

Although the pupils* conceptions of mathematics teaching did not 
surface in a pure form in the survey, the results may still reflect the 
conceptions that the pupils actually have. And in particular, these 
conceptions are interesting, because they will influence the pupils' 
mathematical behaviour. 

Extrapolation of the results (external validity), to make them 
applicable to all Finnish seventh graders, is questionable for the 
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following reasons: The sample was not selected randomly. The sur- 
vey was carried out with the help of the teachers who have attended 
one of the in-service courses arranged by the researcher. Therefore, 
the teachers who conducted the questionnaire in their classes form a 
positively selected sample, representing Finnish teachers who have 
applied for supplementary training. But their seventh-grade-pupils 
have acquired most of their experiences and developed their attitu- 
des already in primary school, since they had only been studying for 
five months with their current teacher. Therefore, the sample of 
pupils can be considered as representative of the seventh-graders in 
Southern Finland. 

The researcher's conceptions of mathematics teaching and learn- 
ing are very strongly involved when interpreting the results. E.g. the 
responses to statement 20 (only the talented can solve most of the 
tasks) gave us the picture that mathematics teaching in FiiUand has 
been successful, since the pupils disagreed with the statement. We 
think that they have learned to struggle with mathematics and not to 
think of it as being impossible. But there could be another con- 
tradictory interpretation to the same fact: One could say that mathe- 
matics teaching in Finland uses too simple and easy problems, since 
the majority of pupils consider mathematics accessible for everybody. 

It is clear that the use of questionnaire alone will not give an ade- 
quate picture about pupils' conceptions of mathematics teaching. It 
should be deepened with interview's. Therefore, the view of mathe- 
matics teaching reached here can be thought to be only a first appro- 
ximation of pupils' views. 
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5.2. Summary of results 

Here, we will gather together the most central results obtained in 
chapter 3 and 4. At the same time, we will provide some answers to 
the research problems which were put forward in section 2.1. 

Mew of mathematics teaching 

The most accepted statements in the questionnaire were those 
concerning good discipline, and the practical benefit of mathematics 
studied. In next place, the pupils demanded that they all understand, 
and put an emphasis on mental calculation. 

In the com>ponent of mathematical content, the agreed state- 
ments give a pragmatic, calculation-centered, and task-oriented 
view of mathematics . In the component of doing mathematics, the 
pupils emphasized process instead of product, and rigorous working 
methods. Additionally they do not think school mathematics to be 
too complicated. 

In the pupils' view of learning mathematics, understanding and 
learning through practicing were stressed. 

The pupils' view of teaching mathematics emphasized, in the 
component of pupils' involvement, pupil-centered active teaching/ 
learning, and stressed peaceful teaching/learning situation, where 
learning sometimes took place in small groups. In the component of 
teacher's involvement, they required a situation where the teacher 
would give help and directions to the pupils; additionally they were 
in favour of learning games. 

The factor analysis revealed a four factor structure for the ques- 
tionnaire: a factor of mathematics-centered teaching, a factor of 
goo::' tradHional teaching, a factor of ideal teaching from pupil's 
viewpoint, a factor of effective pupil-centered teaching. These four 
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factors together represent the beliefs of mathematics teaching that 
seem to be the basis for the pupils' views of reality. 

Pupils' experiences and wishes about mathematics teaching 

In the distribution of the responses, the pattern for six main 
groups is similar for boys and girls in all three questions. Most 
answers are in the Teacher/teaching-, and Mathematical topics - 
categories, altogether from 65 % to 70 %. Additionally, a significant 
percentage (more than 10 %) is in the main class "Pupil" for expe- 
riences, and in the main class "interaction and working forms" for 
wishes. In the third and sixth category (Learning control, and Re- 
sources), the percentage of responses was only occasionally more 
than 10 %. 

The mode of the good experiences is in the first category (Teacher 
/teaching), where the amount of responses is more than two-fifths in 
both samples. Almost one-third of responses was to be found in the 
second main class (Mathematical topics). Additionally the fourth 
category (Pupil) was about 15 % in both samples. 

Almost half of all bad experiences belongs to the first category 
(Teacher/teaching). In the second (Mathematical Topics) and fourth 
(Pupil) category, the amount of the responses was almost 20 %. In 
the third category (Learning control), the percentage of the boys' re- 
sponses exceeded 10 %. 

Pupils' wishes are distributed in a different manner to their expe- 
riences: In the fii'st category (Teacher/teaching) and the second cate- 
gory (Mathematical topics), there is an equal amount - about one- 
third - of the girls' responses in both, whereas the boys' responses 
are divided differently: In the second category there is double as 
many responses as in the first category. Only in wishes, there are 
more than 10 % of the responses in the fifth and sixth category 
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(Interaction and working forms, and Resources). In the third 
category (Learning control), the percentage of the boys' responses 
exceeded the limit of 10 %. 

Differences in responses between boys and girls 

Looking at the responses in separate statements, we reached fol- 
lowing conclusions: The girls are more ready to work seriously at 
mathematics than the boys. The girls disagreed more strongly than 
the boys with the statement that only the mathematically talented 
pupUs can solve the problems. The boys^e more accomplishment- 
centered, and require more supervision than the girls. But on the 
other hand, the boys are morelazy to work than the girls. Addi- 
'donaliy the boys are more p favour of geometry than the girls. 
Using the structure of the que^tionnaire„we found that the boys seem 
to think more schematic than the girls. 

In good experiences, the distribution of responses within the 
main classes showed many differences: The boys gave significantly 
more specific evaluations in the case of Mathematical topics than the 
girls, whereas the situation was different forlhe^eneral evaluation. 
A sUghtly similar situation which was however the other way round 
was found in the results of the Teacher /teaching-category Addi- 
tionaUy the girls' responses emphasized affective component, 
whereas the boys were more in favour of expressions which stressed 
pupils' imderstanding. 

When looking at the distribution of the responses in bad experien- 
ces within the main classes, there were some differences. The boys 
expressed significantly more than the giris their dislike of notes. The 
girls were more than the boys complaining about a lack of pupils' 
understanding. The boys' responses were more than the giris' re- 
sponses concerned with the lack of calculators and computers. The 
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girls' responses emphasized more the affective component. The girls 
gave a more detailed evaluation of the teacher and the teaching si- 
tuation than the boys. 

The boys' wishes are clearly more concentrated in the Mathema- 
tical topics -category than the girls' wishes. Within the main classes, 
there are also differences between the percentages of boys' and girls' 
responses, but they are not as big and varied as e.g. in pupils' bad ex- 
periences. In wishes concerning Teacher/teaching, the girls' respon- 
ses were more generally evaluative, whereas the boys expressed 
their wishes more specifically The boys also wanted more computers 
and learning games than the girls. Also the boys wanted more supp- 
lementary lessons. 

In order to place these results in perspective it should be noted 
that the differences between the boys' and the girls' views within a 
country are very small compared with the differences found between 
different countries (cf. Pehkonen & Tompa 1992). 

5.3. Conclusions and implications 

Finally the position of mathematics teaching in Finland will be 
discussed. Some suggestions on how to improve the teaching of 
mathematics are also presented. 

What is the current status of mathematics teaching in Finland? 

Superficially the situation in Finland in mathematics teaching 
seems quite encouraging. We have a nine-year comprehensive 
school where all pupils have an opportunity to study following the 
same national curriculum, and thus equality in education ought to be 
realisable. 
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However, the number of mathematics lessons in schools in Finland 
is one of the lowest in the world according to the UNESCO study 
(1986). E.g. in Switzerland, they have more than twice as many mathe- 
matics lessons during the first nine school years. Since we are trying to 
compete at the college level with other countries, the results of mathe- 
matica learning at school are consequently much on the level of siu-face 
learning. 

In Finland, pupils will study all subjects, including mathematics, 
through the whole comprehensive school (i.e. nine first years) in hetero- 
geneous classes. The teaching methods used are very tasks based. A 
typical mathematics lesson at every level of the comprehensive school 
will take the following form: The teacher shows the pupils how to solve 
a problem using an example, and the pupils then have to solve similar 
tasks on their own. Teaching is usually based on the abilities of the 
average pupil, and is very mechanical. During time set aside for the 
pupils' to work independently the teacher tries to give extra help to the 
low-attainers. The talented do not usually receive the attention they 
require to fully develop their talents from the teacher, as he spends most 
of his time with the less talented individuals. Thus, mathematics for 
most pupils consists of the mechanical solution of an infinite series of 
tasks, and probably the mere imitation of an example. 

How could the situation be improv ?d? 

For a permanent improvement of mathematics teaching, we 
should be able to change pupils' beliefs about mathematics teaching, 
since they have a powerful impact on learning. This will be des- 
cribed briefly with two strategies: short and long term management 
schemes. Short term management schemes give some methods 
which teachers can implement immediately 

But, it is well documented in the literature that teachers and 
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teaching are the factors which most influence pupils' beliefs (e.g. 
Zinunermann 1991, 73). So, if mathematics teaching is to improve, it 
is necessary to offer teachers opportunities to develope their beliefs 
about mathematics and mathematics teaching/learning. Methods 
for long term improvements must therefore involve schemes which 
influence teachers' beliefs. These schemes will be dealt with later. 

Short term improvements . From the results on this survey 
(section 5.2), we can propose some immediate managements strate- 
gies: The pupils agreed most with statements which stress good dis- 
cipline and practical benefits of mathematics to be learned. So, the 
teacher ought to use such examples and problems that will show the 
meaning of mathematics also in everyday life. It is very important 
for the pupils, regardless of their level, that they understand what is 
to be learned. Mental calculation should be stressed as it develops 
the pupils' thinking ability, since it needs a lot of concentration. 

In pupils' wishes, there are wishes for a better quality of teaching 
(better explanations), wishes for more open teaching (learning 
games, problems to think about), wishes for alternative organisation 
of mathematics lessons (working in groups or pairs, independent 
working), and wishes for use of technical tools (more calculators, 
computers). 

Long term improvements . To develop the teaching of mathema- 
tics, an attempt should be made to take account of the views shared 
by pupils and teachers about mathematics teaching. Teachers should 
be made aware of the opportunities that considering of pupils' views 
might offer to them. They should be helped to see that, in accordance 
with the spirit of the Act on comprehensive school (Anon. 1983), 
teaching practice should be pupil-oriented and not mathematics- 
oriented. The emphasis in teaching should be shifted from arithme- 
tic routines towards the improvement of higher-level thinking skills 
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- a conclusion also drawn in the final report of the Leikola commit- 
tee (Anon. 1989). 

As a remedial measure, work should be started on teachers* 
views of mathematics and its teaching. Courses that would tackle 
with the key questions of mathematics teaching, in both theory and 
practice with the emphasis on the latter, could give ^he participants 
some experience of the essence of mathematics. The theoretical 
component of the courses would deal with both pupils' and teachers* 
views of mathematics, as revealed by research, and emphasis would 
be placed on the learning of thinking skills, as expressed by the Act on 
comprehensive school. Practice would consist of e.g. problem solv- 
ing by the participants themselves - not forgetting the help given by 
manipulatives. Of course, there ought to be as a part of the course 
some model teaching in school for participants to observe, too. 

Teachers could thus develop their teaching in a more open direc- 
tion, and their views of the teaching and learning of mathematics 
would imdergo a change. Consequently, pupils' viewo of mathema- 
tics teaching might change to a more realistic conception of mathe- 
matics, where the differ .-^nt components of mathematics (e.g. creati- 
vity and mathennatical thinking) are valued, too. 

End notes 

The dominance of calculations and tasks in pupils' conceptions 
will be easy to understand, because of small amount of mathematics 
lessons during the compulsary school (9 first years). In such a situa- 
tion, the teacher feels that he has not time enough and therefore he 
concentrates in that he thinks is most important - basic calculations. 

The overaU view of mathematics that the pupils gave is in cohe- 
rence with the experiences that the writer has gathered when dis- 
cussing about mathematics teaching with teacher educators from 
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different countries. All they are claiming that pupils (as well ^^s 
teachers) in their country consider mathematics teaching almost 
plainly calculation-centered and task-oriented activity. Usually 
teacher educators are trying - and they feel that without result - to 
get teachers with, in order to change mathematics teaching more to 
correspond pupils' needs. Therefore, it is delightful to observe that 
the pupils agreed with some constructivist statements: There are 
many ways to solve a task, the way of solving a task is more impor- 
tant than the right answer, pupils can make conjectures, guess and 
ponder, and working in small groups. It looks like that in changing 
mathematics teaching we are in good start, in contrary to the 
general opinion. 
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Appendix 1: Questionnaire 

University of Helsinki Name: 

Department of Teacher Education Class: Date: 

Pupil questionnaire about mathematics teaching 

In the following, there are some statements concerning mathematics teach- 
ing. You are asked to circle the point corresponding your opinion. You will 
have ttie scale: 

1 « fully 2 =agree 3 = cannot 4 =disagree 5 = fully 
agree say disagree 



1. GOOD MATHEMATICS TEACHING INCLUDES ... 



I 


2 


3 


4 


5 


mental calculations 


(1) 


I 


2 


3 


4 


5 


that the right answer is always more important than the 


(2) 












way of solving 


I 


2 


3 


4 


5 


mechanical calculations 


(3) 












See for the missing items 
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I 


2 


3 


4 


5 


thaf, according to pupils' capabilities, all will be 


(30) 












understood 


I 


2 


3 


4 


5 


that also sometimes pupils are working in small groups 


(31) 


1 


2 


3 


4 


5 


that the teacher says to pupils always exactly what they 


(32) 












ought to do 



What kind of experiences do you have until today (from the primary level 
up to now) about mathematics teacl\ing? Can you explain with a couple of 
wo^ds! 

good: 



bad: 



3. What wishes do you have for mathematics teaching? Can you explain 
with a couple of words! 
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Appendix 2: The categories of responses in the free questions 

1. Teacher/teaching 

11 General evaluation of teacher /teaching 

12 Evaluation of spesific features (as Quality of explaining. Friendly teaching. 
Helpfulness, Patience, ability to hear. Keeping discipline. Repetition/ 
practice. Equality in dealing with pupils. Challenging of pupils, Structur- 
ing of teaching) 

13 Else (as Absences of teacher) 

2. Mathematical topis 

21 General evaluation of contents/problems/topics 

22 Evaluation of spesific mathrmatical contents or procedures (as Geometry, 
Mental calculation, Basic calculations. Word problems, Algebra, Set 
theory. Fractions, Percentages, Practicality, application, usefulness. Logical 
thinking/ puzzles. Function, Number sequences. Probability, History of 
mathematics) 

23 Evaluation of learning tools (as Computer/calculator, Learning games. 
Textbook working/ calculating) 

24 Else 

3. Learning control 

31 Class work/ tests 

32 Home work 

4. Pupil 

41 Understanding 

42 Cognitive component (as Cognitive self-concept/ cognitive style) 

43 Affective component (as Motivation, Self-esteem, affective self-concept, 
Anxiousness) 

44 Notes 

45 Else (as Absence of the pupil, Expressions of an adolescent. Pupil's rights) 

5. Interaction and working forms 

51 Inner differentation (as Group work. Working together/working in pairs) 

52 Outer differentation (as Private teaching/supplementary lessons, Clubs, 
competitions etc.) 

53 Progressive working (as Independent working/independency. Discussions 
of problems) 

54 Traditional working (as Working at the blackboard) 

55 Else (as Attitude of class mates) 

6. Resources 

61 Teaching materials (as Text books. Other materials) 

62 Amount of lessons 

63 Else 
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Appendix 3: Responses to the structured questions 

There are the frequencies per-item as well as their means (M), and 
standard deviations (SD) of the frequencies, the percentages are 
given in brackets. Additionally, there are t-values (t) for the diffe- 
rences of means between boys (N=260) and girls (N=254) with the 
level of significancy. 

1. GOOD MATHEMATICS TEACHING INCLUDES 



agree disagree 

1 2 3 4 5 M SD t 



1: doing calculations mentally 

boys 117(45) 122(47) 11(4) 9(3) 1 (0) 1.67 0.75 -1.66 

girls 94(37) 132(52) 19(7) 7(3) 2(1) 1.78 0.76 

2: the idea that getting the right answer is always mor e important than the 
way <jf gglving the problem 

boys 13(5) 27(10) 51(20) 110(42) 59(23) 3.67 1.09 -2.13 

girls 7(3) 18(7) 40(16) 126(50) 63(25) 3.87 0.% * 

3: doing c om putations with pa per and pencil 

bo>^ 58(22) 120(46) 58(22) 14(5) 10(4) 2.22 0.98 -1.50 

girls 51 (20) 102(40) 67(26) 28(11) 6(2) 2.35 1.00 

4- the idea that the pupil can sometimes make guesses a nd use trial and error 

boys 86(33) 135(52) 36(14) 1(0) 2(1) 1.84 0.73 -0.91 

girls 84(33) 124(49) 33(13) 10(4) 2(1) 1.90 0.83 

5' the idea that everything ought to be expressed always as exactly as possible 

boys 29(11) 62(24) 56(22) 81(31) 31(12) 3.09 1.22 -0.43 

girls 18(7) 71 (28) 60(24) 69(27) 36(14) 3.13 1.18 

6: drawing figures (e.g. triangles) 

boys 60(23) 123(47) 46(18) 25(10) 6(2) 2.21 0.98 0.13 

girls 62(24) 111 (44) 54(21) 23(9) 4(2) 2.20 0.98 

7: the idea that one ought to get always the rig ht answer very quickly 

boys 6(2) 43(17) 46(18) 118(45) 47(18) 3.60 1.04 -2.11 
girls 3(1) 25(10) 50(2 121 (48) 55(22) 3.79 0.93 * 

8: strict discipline 

boys 179 (69) 61 (23) 10(4) 2(1) 8(3) 1.46 0.86 0.56 

girls 174(69) 66(26) 6(2) 4(2) 4(2) 1.42 0.76 

9: doing word problems 

boys 91 (35) 117(45) 23(9) 15(6) 13(5) 2.00 1.06 -0.17 

girls 78(31) 132(52) 16(6) 17(7) 11 (4) 2.02 1.02 

: [p: the idea that there is always some proc edure which one ought to exactly 
follow in order to get the result 

boys 40 (15) 91 (35) 75 (29) 39 (15) 15 (6) 2.61 1.09 -3.36 

girls 23(9) 63(25) 95(37) 56(22) 17(7) 2.93 1.05 *** 
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37 (14) 


17(7) 


10(4) 


2.09 


1.03 


0.69 


41 (16) 


12(5) 


4(2) 


2.03 


0.88 




36 (14) 


16(6) 


6(2) 


1.92 


1.00 


-2.04 


49 (19) 


23(9) 


5(2) 


2.10 


1.03 


* 



agree disagree 

1 2 3 4 5 M SD t 

11: the idea that all pupils understand 

boys 137 (53) 90 (35) 19 (7) 13 (5) 0 (0) 1 .65 0.82 0.23 

girls 159 (63) 61 (24) 13 (5) 12 (5) 9 (4) 1.63 1.02 
12: the idea that much will be learned by memorizing rules 

boys 14 (5) 77 (30) 64 (25) 67 (26) 38 (15) 3.15 1.16 -1.87 

girls 9 (4) 54 (21) 72 (28) 82 (32) 37 (15) 3.33 1.08 
13: the idea that pupils can put forward their own questions and problems for 

the class to consider 

boys 78(30) 115(45) 

girls 69(27) 128(50) 
14: the use of calculators 

boys 108(42) 94(36) 

girls 85 (33) 92 (36) 
15: the idea ^ lat the teacher helps as soon as possible when there are 

difficulties 

boys 100 (38) 98 (38) 35 (13) 23 (9) 4 (2) 1.97 1.01 -0.90 

girls 75(20) 122(48) 32(13) 19(7) 6(2) 2.05 0.97 

16: the idea that everything will always be reasoned exactly 

boys 50(19) 104(40) 59(23) 39(15) 8(3) 2.43 1.06 0.90 

girls 54(21) 91 (36) 79(31) 27(11) 3(1) 2.35 0.97 

17: the idea that different topics, such as calculation of percentages, geometry, 
algebra, will be taught and learned separately: they have nothing to do 
with each other 

boys 49 (19) 81 (31) 85 (33) 26 (10) 19 (7) 2.56 1.13 -0.16 

girls 51 (20) 68 (27) 84(33) 38(15) 12(5) 2.57 1.11 

18: the idea that there will be as much repetition as possible 

boys 56(22) 113(43) 42(16) 33(13) 16(6) 2.39 1.14 1.84 

girls 56(22) 126(50) 40(16) 26(10) 6(2) 2.21 0.98 

19: the idea that studying mathematics has practical benefits 

boys 132(51) 113(43) 8(3) 4(2) 1 (0) 1.56 0.67 -Ml 

girls 125(49) 105(42) 16(6) 5(2) 2(1) 1.63 0.76 

20: the idea that only the mathematically talented pupils can solve most of the 
problems 

boys 12(5) 14(5) 36(14) 95(37) 103(40) 4.01 1.08 -3.08 

girls 6 (2) 12 (5) 14 (6) 93 (37) 129 (51) 4.29 0.94 * * 

21: the idea that studying mathematics could not always be fun 

boys 52(20) 107(41) 43(17) 36(14) 22(8) 2.50 1.20 2.19 

girls 58(23) 109(43) 53(21) 21 (8) 11 (4) 2.28 1.05 * 

22: calculations of areas and volumes (e.g. the area of a rectangular and the 
volume of a cube) 

boys 103(40) 120(46) 29(11) 7(3) 1 (0) 1.78 0.78 -2.25 
girls 78(31) 129(51) 35(14) 4(2) 7(3) 1.95 0.87 * 
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agree 
1 



disagree 
4 5 



M SD 



23: the idea that studying mathematics requires a lo t of effort by pupils 

boys 23(9) 81 (31) 86(33) 58(22) 12(5) 2.83 1.02 -0.48 
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Appendix 4: The rotated factor matrix of items 1-32 

The varimax-rotated factor matrix of the items 1-32 in the question- 
naire: the main loadings are in bold type and the most important side 
loadings are underlined. 
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Appendix 5: The intercorrelations of the factors 

The intercorrelations of the 11-factor solution. The bold type indi- 
cates that the correlation is statistically very significant (N=514). 
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Julkaisutilaus 

Tilaan Helsmgin yUopiston opettajankoulutuslaitoksen julkais\in (-t) (luettelon 
tiintaan) 

nuinero(-t)/tekija(-t)/niini: . 



Tilaaja:. 



LaskuUisosoite:. 



Postitoimipaikka:_ 
Puh. (koti): 



_(tyo):. 



Uheta tilaus osoitteeseen Helsingin yliopisto, Opettajankoulutuslaitos/julkaisutilaus, 
Ralakatu 6 A, 00120 Helsinki (puh. 191 8107. fax 191 8114) ^ 




^ Julkaisutilaus 

TUaan Helsingin yUopiston opettajankoulutuslaitoksen julkaisun (-t) (luettelon 
hintaan) 



numero(-t)/tekija(-t)/niiiu:_ 



Tilaaja:. 



Laskutuso5oite:_ 



PostitoiLnipaikka:_ 
Puh. (koti): 



_(tyo):_ 



Uheta tilaus osoUle^ecn Helsingin ylioplsto, Opektajankoulutuslaitos/julk.iisutilaus, 
Ratakatu 6 A, 00120 Helsinki (puh. 191 8107. fax 191 8114) 




Julkaisutilaus 

Tilaan Helsingin yliopiston opettajankoulutuslaitoksen julkaisun (-0 (luettelon 
hintaan) 

numero(-t) / tekija(-t) /nimi: 



Tilaaja:. 



Laskutusosoite:. 



Postitoimipaikka:. 
Puh. (koti): 



Jtyb):. 



Laheta tilaus osoitteeseen Helsingin yliopisto, Opettajankoulutuslaitos/julkaisutilaus^ 
Ratakatu 6 A, 00120 Helsinki (puh. 191 8107, fax 191 8114) ^ 




Julkaisutilaus 

Tilaan Helsingin yliopiston opettajankoulutuslaitoksen julkaisun (-t) (luettelon 
hintaan) 

niHriero(-t) / tekija(-t) / ninu: 



Tilaaja:. 



La5kutusosoite:_ 



Postitoimipaikka:, 
Puh. (koti): 



_(tyb):. 



Lahetii tilaus osoitteeseen Helsingin yliopislo, Opettaja nkou lutusla it os/ julkaisutilaus, 
Ralakalu 6 A, 00120 Helsinki (puh. 191 8107, fax 191 8114) 
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